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[57] ABSTRACT 

A system for generating a digital output signal representing 
a captured image includes a sensor for capturing the image 
and generating a sensor output signal. A gain control ampli- 
fier is coupled to the sensor and receives the sensor output 
signal. Hie gain control amplifier has controls for applying 
various levels of gain to the sensor output signal. An 
analog-to-digital converter is coupled to the gain control 
amplifier and generates the digital output signal representing 
the captured image. A processor is coupled to the analog- 
to-digital converter and the gain control amplifier. The 
processor provides a control signal to the gain control 
amplifier for adjusting the level of gain applied by the 
amplifier. 

22 Claims, 8 Drawing Sheets 
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FIG. 1 (Prior Art) 
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FIG. 3 
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FIG. 4 
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FIG. 6A 
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FIG. 6B 
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FIG. 6C 
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FIG. 7A 
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CAMERA HAVING AN ADAPTIVE GAIN 
CONTROL 

This is a continuation of application application Ser. No. 
08/638/528, filed Apr. 26, 1996, U.S. Pat No. 5,614,948. 

BACKGROUND OF THE INVENTION 

1. Ftcld of the Invention 

The present invention relates to image processing. More 
specifically, a system for capturing and processing video 
images. 

2. Background 

Digital cameras are used in a variety of applications 
requiring image capture and image processing. Many appli- 
cations require cameras which are economical, yet generate 
a high quality video signal. Topical solid state sensors used 
in digital cameras have a dynamic range (or light intensity 
range) of 1000:1 or greater. However, many existing digital 
cameras utilize an inexpensive 8 bit or 6 bit analog-to-digital 
(A/D) converter to generate a digital output signal repre- 
senting the captured image. The use of an 8 bit A/D 
converter limits the dynamic range of the output signal by 
providing a maximum of 256 possible Luminance levels. 
Therefore, the dynamic range capabilities of the sensor 
(1000: 1) are compressed to 256: 1 by the A/D converter. This 
reduction in dynamic range results in "clipping" of the 
image ; i.e., loss of image detail in bright areas and dark areas 
of the image. When clipping occurs, dark areas of the image 
become black (e.g., luminance level 0) and bright areas of 
the image become white (e.g., limrinance level 255). 

Existing cameras attempt to compensate for mis dynamic 
range reduction by using an automatic gain control (AGC) 
amplifier having different gain settings. The gain setting of 
the AGC amplifier is determined based on the total lumi- 
nance entering the camera. Since a single luminance level is 
determined, the selected gain setting is applied uniformly to 
the entire image. 

An example of an existing camera is illustrated in FIG. 1. 
A digital camera 10 is attached to an image processor 12. 
Camera 10 captures an image of scene 14 and generates a 
digital signal representing the captured image. A solid state 
sensor 16 in camera 10 captures an image of scene 14. 
Typical solid state camera sensors are capable of discrimi- 
nating light intensity over a dynamic range of 1000:1 or 
greater. Sensor 16 generates a sensor output signal repre- 
senting the sensed image and provides the signal to an AGC 
amplifier 18. AGC amplifier 18 applies a particular gain 
setting to the sensor output signal. A/D converter 20 receives 
an output signal from AGC amplifier 18. As discussed 
above, A/D converter 20 may be an 8 bit or 6 bit converter. 
Using an 8 bit A/D converter 20, the dynamic range of the 
sensor output signal is compressed to 256:1. Similarly, using 
a 6 bit A/ D converter 20, the dynamic range of the sensor 
output signal is compressed to 64:1. This dynamic range 
compression results in a loss of image detail at both ends of 
the dynamic range; i.e., bright areas and dark areas. As a 
result, bright areas of the image are compressed into all 
white regions and dark areas of the image are compressed 
into all black regions, 

AGC amplifier 18 typically has several different gain 
settings which may be applied to the sensor output signal. 
Hie required gain setting for a particular image is selected 
based on the total light entering camera 10. If the total light 
level is low, the gain setting is increased. Similarly, if the 
total light level is high, the gain setting is decreased. The 
particular gain setting selected is applied uniformly to the 
entire image. 
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A/D converter 20 generates a digital video output signal 
on a signal line 22. As discussed above, the dynamic range 
of the digital video output signal is limited by the capacity 
of A/D converter 20. 

s FIG. 1 also illustrates image processor 12 coupled to 
camera 10. Image processor 12 is an optional component, 
and is not required for proper operation of camera 10. The 
digital video signal output provided on line 22 may be 
connected directly to a device capable of accepting digital 

10 signals. The optional image processor 12 includes a video 
processing circuit 24 and a digital-to-analog (D/A) converter 
26. Video processing circuit 24 receives the digital video 
signal output from line 22 and performs various processing 
of the signal Various types of video processing circuits and 

15 video processing functions will be known to those skilled in 
the art D/A converter 26 receives a signal from the video 
processing circuit, converts the signal to an analog value, 
and generates an analog video signal output on signal line 
28. This analog video signal may be transmitted to any 

20 device capable of receiving analog video signals. 

Problems associated with dynamic range reduction may 
be solved by utilizing a 10 bit or 12 bit A/D converter to 
preserve the dynamic range of the sensor output signal. 
However, 10 bit and 12 bit A/ D converters are expensive 

25 and substantially increase the cost of the camera. In an 
application requiring an inexpensive camera, the use of 10 
bit or 12 bit AID converters is not practical. 

It is therefore desirable to provide a low-Cost digital 
camera utilizing an inexpensive A/D converter, yet capable 

30 of generating a video signal containing image detail in bright 
areas and dark areas of the image. 

SUMMARY OF THE INVENTION 

The present invention provides a digital camera having an 

35 inexpensive A/D converter and including a processor for 
enhancing the dynamic range of the camera. The processor 
instructs a gain control amplifier to reduce the gain in bright 
areas of the image and increase the gain in dark areas of the 
image. These changes in gain settings for different portions 

40 of the image increase the image detail provided by the 
camera, thereby improving the overall image quality. 

An emlxxiirjient of the present invention provides a sensor 
for capturing an image and generating a sensor output signal. 
A gain control amplifier is coupled to the sensor and receives 

45 the sensor output signal. The gain control amplifier has 
controls for applying various levels of gain to the sensor 
output signal. An analog-to-digital converter is coupled to 
the gain control amplifier and generates a digital output 
signal representing the captured image. A processor is 

50 coupled to the analog-to-digital converter and the gain 
control amplifier. The processor provides a control signal to 
the gain control amplifier for adjusting the level of gain 
applied by the amplifier. 
Another feature of the present invention provides a gain 

55 map containing gain settings applied to the sensor output 
signal by the gain control amplifier. The gain map is 
continually updated by the processor to include changes in 
the captured image. 

Other embodiments of the invention provide a register 

60 coupled to the processor and the gain control amplifier. The 
gain map containing gain settings is stored in the register and 
the gain control amplifier reads the gain settings from the 
register. 

65 BRIEF DESCRIPTION OF THE DRAWINGS 

The present invention is illustrated by way of example in 
the following drawings in which like references indicate 
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similar elements. The following drawings disclose various of the captured image. As noted above, the dynamic range of 

embodiments of the present invention for purposes of illus- the signal on line 110 is limited by the 8 bit capacity of A/D 

tration only and are not intended to limit the scope of the converter 108. 

invention. The digital video signal on signal line 110 is also trans- 

FIG. 1 illustrates a known digital camera and an attached 5 mitted to a processor 114 using signal line 112. Processor 

image processor. 114 may be any type of processor capable of receiving a 

FIG. 2 is a first embodiment of a camera and processor digital video signal and performing various operations or 

according to the present invention. calculations related to the received signal Processor 114can 

HO. 3 is a flow diagram mating ^on of „ ^^Tf^ 

present invention. preferred embodiment of the invention, processor 114 is a 

FIG. 4 is a flow diagram showing the analysis of a personal computer capable of performing a variety of opera- 
captured image and the updating of a gain map used by the tions and numerous devices. In the preferred 
c 3111613 - embodiment, the personal computer utilizes a Pentium® 

FIG. 5 illustrates an exemplary captured image divided 15 processor roanufactured by Intel Corporation of Santa Clara, 

into an array of image regions. Calif. 

FIGS. 6A-6C illustrate a gain map at different stages of The actual operations and processing steps performed by 

the image processing procedure. processor 114 may be implemented in software executed by 

FIGS. 7A-7D illustrate examples of histograms generated processor 114. Those skilled in the art will appreciate that 

for various regions of an image. 20 processor 114 may be a single processor device capable of 

FIG. 8 is a second embodiment of the invention including processing digital data (e.g., a digital signal processor) or 

a register within the camera. processor 114 may be a complete computer system contain- 

J~Z _ . ... ... . ... . o ing a variety of devices and capable of performing multiple 

FIG. 9 is a third embodiment of the invention having a operations . ia / cndoQ & of 

processor contained within the camera. 25 ^ implemented on a wide variety of processing devices 

FIG. 10 is a fourth embodiment of the invention including and computer platforms, 
additional processing circuitry within the camera. By way rf eMmp ^ ^ fsmBaUm wlll ^ described in an 

DETAILED DESCRIPTION implementation utilizing a personal computer as processor 

114. Numerous type of computers may be used to practice 

The following detailed description sets forth numerous 30 the invention. The computer must be capable of receiving 
specific details to provide a thorough understanding of the the digital video signal on signal line 112, performing the 
invention. However, those skilled in the art will appreciate necessary operations and calculations, and transmitting a 
that the invention may be practiced without these specific control signal to gain control amplifier 106 using a commu- 
details. In other instances, well known methods, procedures, nication line 116. line 116 functions as a control bus used 
components, and circuits have not been described in detail to communicate control signals and data between processor 
so as not to obscure the invention. 114 and gain control amplifier 106. In a specific embodiment 

The present invention provides a system for enhancing the of the invention, line 116 is a high-speed serial bus such as 
dynamic range of a digital camera having an inexpensive a Universal Serial Bus (USB). Although the invention will 
A/D converter. An adaptive gain control mechanism is ^ be described with reference to a high-speed serial bus, any 
provided for adjusting gain settings applied to a captured communication line having sufficient bandwidth and low 
image. latency may be used to implement the invention. 

A first embodiment of the invention is illustrated in FIG. In the ento>diment of FIG. 2, processor 114 provides real 
2. A digital camera 100 contains a sensor 102 for capturing time control of the gain settings applied by gain control 
an image representing a scene 104. Sensor 102 may be any 45 amplifier 106. In this situation, the timely transmission of 
type of sensor capable of generating a signal representing a control signals is important to proper camera operation. A 
captured image. In a particular embodiment of the invention, significant amount of bandwidth and low latency is required 
sensor 102 is a solid state sensor having a dynamic range of to ensure that gain control amplifier 106 receives the appro- 
1000:1 or greater. Sensor 102 generates a sensor output priate control signals when needed. Alternate embodiments 
signal representing the captured image. The sensor output 50 of the invention may require a smaller portion of the 
signal is provided to a gain control amplifier 106 having bandwidth and may tolerate greater latency. These alternate 
controls for applying various levels of gain to the captured bandwidth and latency requirements will be discussed with 
image. In an embodiment of the invention, gain control respect to the particular embodiments described below, 
amplifier 106 is an automatic gain control (AGC) amplifier FIG. 3 is a flow diagram illustrating the operation of the 
capable of receiving and adjusting the sensor intensity at 55 system shown in FIG. 2. At step 118 an image is captured by 
each pixel site. An analog output signal from AGC amplifier sensor 102 in camera 100. At step 120, sensor 102 generates 
106 is provided to the input of an analog-to-digital (A/D) a sensor output signal which is provided to gain control 
converter 108. amplifier 106. At step 122, gain control amplifier 106 

As discussed above, A/D converter 108 may be a rela- determines appropriate gain settings for various regions of 
tively inexpensive 6 bit or 8 bit A/D converter. To simplify # the captured image and applies the gain to the corresponding 
the explanation of the invention, the specification describes region of the image The gain settings are provided to gain 
camera 100 and its operation when using an 8 bit A/D control amplifier 106 by processor 114 using line 116. 
converter 108. Additional details regarding the determination of particular 

A/D converter 108 converts the signal received from gain gain settings and dividing the captured image into regions 
control amplifier 106 from an analog signal to a digital 65 are provided below with reference to FIG. 4. 
signal. The digital output of A/D converter 108 is provided At step 124 of FIG. 3, gain control amplifier 106 generates 
on signal line 110 and represents an 8 bit digital video signal a gain control output signal and provides the signal to A/D 
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converter 108. At step 126, A/D converter 108 converts the 
gain control output signal from an analog signal to a digital 
video output signal. Finally, at step 128, processor 114 
analyzes the digital video output signal and updates the gain 
settings, as needed, for various regions of the captured 5 
image. The steps of FIG. 3 are performed repeatedly to 
capture and analyze a series of images. 

Referring to FIG. 4, a flow diagram illustrates the analysis 
of a captured image and the updating of a gain map used by 
camera 100. One example of a gain map 148 is illustrated in 10 
FIG. 6 A as a two dimensional array of gain settings. The 
gain settings may be represented in decibels (dB) or any 
other format capable of indicating the gain to be applied by 
gain control amplifier 106. Each gain setting indicates a 
specific gain level to be applied by gain control amplifier 15 
106 to a particular region of the captured image. Gain map 
148 includes eight rows and eight columns to create 64 gain 
map cells 150. FIG. 6A illustrates a default gain map 
including a zero value stored in each cell 150 of the gain 
map. These default gain settings are generated when the 20 
system is initialized or reset During operation of camera 
100 and associated processor 114, the gain settings in the 
gain map are updated to enhance the dynamic range of the 
digital video output signal, thereby increasing the level of 
detail provided in the digital video signal. In the embodi- 25 
ment of FIG. 2, gain map 148 is stored in a register or other 
memory device within processor 114. 

Referring again to FIG. 4, the procedures illustrated in the 
flow diagram are performed by processor 114 (shown in 
FIG. 2). Step 132 initializes a row counter and a column 30 
counter used to indicate a particular image region and a 
particular cell of gain map 148 being analyzed or updated. 
At step 134, the captured image is divided into an array of 
image regions. FIG. 5 illustrates an example of a captured 
image 152 divided into a two dimensional array of image 35 
regions 154. For purposes of explanation, FIG. 5 illustrates 
the actual scene and does not show areas of dipping caused 
by the A/D converter. 

Image 152 is divided into eight rows and eight columns, 
creating 64 image regions 154. Each image region 154 is 40 
associated with a particular gain setting contained in a 
corresponding cell of gain map 148 (FIG. 6A). Image region 
(2, 4) is a notation indicating the image region at the 
intersection of row 2 and column 4. The gain level applied 
to image region (2, 4) is stored in the gain map at cell (2, 4). 45 
Thus, each gain map cell provides a gain level to be applied 
to the corresponding image region. Although FIGS. 5 and 
6A illustrate two dimensional arrays having eight rows and 
eight columns, any number of rows and columns may be 
used. As the number of rows and columns is increased, the so 
size of each image region decreases, resulting in more 
precise gain adjustments to the captured image. However, 
additional processing resources are required to analyze the 
captured image as the number of rows and columns are 
increased. 55 

At step 136 of FIG. 4, the image region indicated by the 
row and column counters is analyzed by processor 114. 
Initially, the row and column counters are set to identify 
image region (1, 1). The counters are incremented far each 
subsequent cycle of the procedure until all image regions 60 
have been analyzed. Processor 114 determines the light level 
in various portions of the image region being analyzed. At 
step 138, the routine determines whether the image region 
contains agnificant bright portions; i.e., whether image 
detail has been lost or "clipped* due to the 8 bit limitations 65 
of the A/D converter. If the image detail has been dipped at 
step 138, then the gain map setting for the image region 



6 

being analyzed is updated at step 140. Gain settings are 
updated gradually (e.g., 1 dB-5 dB) until sufficient image 
detail is provided in each region of the captured image. Gain 
settings are continually updated to compensate for changes 
in the captured image, such as changes in light levels and 
changes in objects appearing in the captured image. 

If image detail has been clipped from the image region at 
step 138 due to brightness, then the gain map setting for that 
region is reduced at step 140 to provide increased image 
detail; i.e., instead of producing all white regions, the gain 
setting is reduced to prevent clipping and provide enhanced 
image derail. 

If significant bright portions are not identified at step 138, 
then step 142 determines whether the image region being 
analyzed contains significant dark portions; ie., whether 
image detail has been lost or clipped by the 8 bit A/D 
converter. If image detail has been lost at step 142, then the 
gain map setting for that region is increased at step 140 to 
provide increased image detail. By increasing the gain 
setting, previously all black portions of the region may begin 
to show some image detail, thereby increasing the overall 
image quality. 

If the image region being analyzed does not contain 
significant bright portions or significant dark portions, then- 
the routine continues to step 144 without updating the gain 
map setting far the particular image region. Step 144 deter- 
mines whether the current row and column counters indicate 
the last row and column of the captured image. If all image 
regions have been analyzed, then the routine ends. 
Otherwise, the routine branches to step 146 where the row 
and/or column counters are incremented to select the next 
image region of the captured image. The routine then returns 
to step 136 to analyze the next image region. The image 
regions may be analyzed in any order. Row and column 
counters represent an example of a mechanism for analyzing 
each image region in a systematic manner. 

When all regions of a captured image have been analyzed 
according to the procedure illustrated in FIG. 4, the updated 
gain map settings are applied to the next captured image by 
gain control amplifier 106 (FIG. 2). Hie digital video signal 
generated using the new gain settings is then analyzed by 
processor 114 using the procedure shown in FIG. 4 to further 
update the gain map settings. Thus, the gain map settings are 
continually updated to maximize the image detail produced 
in the digital video signal generated by camera 100. 

A particular example of the operations performed in FIG. 
4 will be described with respect to the captured image shown 
in FIG. 5 and the gain maps illustrated in FIGS. 6A-6C. 
FIG. 6A illustrates a default gain map indicating the gain 
level applied to each region of the first captured image. 
When camera 100 captures the first image, processor 114 has 
no previous image data from which to generate gain settings. 
Therefore, processor 114 supplies a default gain map to 
camera 100 for the first captured image. 

After capturing the first image, processor 114 divides the 
image into an array of image regions 154, as shown in FIG. 
5. Each region 154 is analyzed by processor 114 to deter- 
mine whether the gain setting for the region should be 
adjusted to provide increased image detail. Using FIG. 5 as 
the first captured image, certain regions of the image are 
bright (in the area of the window and the sun), certain 
regions are dark (in the comer of the room to the left of the 
window), and other regions have an average Hgfit level (near 
the desk below the window). Processor 114 decreases the 
gain setting associated with bright regions and increases the 
gain setting associated with dark regions. 
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FIG. 6B illustrates an updated version of gain map 148 increased number of pixels having values less than 255, 

after processor 114 has analyzed the first captured image and thereby enhancing image details in the region, 

adjusted the gain settings accordingly. The gain settings FIG. 7B is a histogram for an image region having a low 

illustrated in FIG. 6B are then provided to gain control luminance value, indicated by the large number of pixels 

amplifier 106 for adjusting the gain of the next captured 3 h av irig a luminance value of zero (the minimum luminance 

image. As shown in FIG. 6B, the gain settings have been vame) This histogram may correspond to an image region 

increased along the left side of the image (especially in the on ^ left side c f na 5. In this situation, histogram 

upper left portion) in an attempt to reduce cupping in that cqualization is performed to generate an increased number 

area and enhance image details. Gain settings in toe bright * va i ucs greater than zero to enhance image 

area of the window in the upper right portion of the image w ^ m ^- on 

have been reduced to enhance image details. Gain settings m „ t f~ . . A . „ ... 

around the desk (below the window) are unchanged because ™>. 7C * a Wstogram fcr an image region having both 

a suffident level of detail is already present & discussed luininance values and high Mance values, but few 

V Jr j. . ■ . „„_,,. ,„„»„ ,„ „ , intermediate values. The histogram in FIG. 7C identifies a 

above, gain settings are adjusted in small increments (e-g., 1 _ ."r"*™. , ^ t w«. . i^.kt ™,. ™j 

dB-5 dB) until sufficient image detail Is provided In the „ transition reglra;i.e., a ^sihon between a l^t area and 

particular region. This provides a gradual change in me 15 • ** ««; These regions may recejve httle or no gain 

Zge detai? rather than sharp oT significant changes adjustment because bott, extremes of brightness and dark- 

^*™<n m! .<.P« ness are represented in the same image region. If the gain is 

between captured images. increased, additional pixels may be increased to a value of 

The gam setongs mustrated in HO. 6B are applied by £ £ los / of ^ ta the ^ „ 

camera 100 to the second captured image. For this example, „ ^ 8 ^ ^ 8" ^ 

the second captured image a fce same as FIG. 5; i.e., the ^ 8 renting in additional loss of 

scene being captured has not changed since the first image ^ me ^ * 

was captured. Since gain setting adjustments are performed . _ . . . . 

gradually, the second captured image requires additional FIG. 7D is a histogram for an image region having a 

iain setting adjustments to further enhance image details. « relatively uniform distortion of pixel luminance values 

The digital video output generated by applying the gain 25 tfn^ughoutmere^ 

settings of HG. 6B to die second captured image is provided "nage region under the window in FIG. 5. In this situation, 

to processor 114 for analysis. As described with respect to * e histogram is already substantially equalized, and no gain 

the first analysis, the second captured image is divided into adjustments are necessary. 

an array of image regions 154. Bach image region 154 is 30 In addition to the histogram equalization algorithm dis- 

analyzed and the associated gain setting updated to enhance cussed above, various methods and algorithms for smooth- 

the image details in the region. The results of the second ing sharp edges and transitions between adjacent image 

analysis are illustrated in FIG. 6C Certain gain settings in regions will be known to those skilled in the art These 

the upper left portion of the gain map have been increased methods and algorithms may be utilized with the present 

to provide additional image details in the dark areas. Gain 33 invention to provide smoothing in transition areas and 

settings in the bright window area have been further reduced between adjacent image regions. 

to enhance image details. The updated gain settings illus- As noted above, HG. 2 illustrates a first embodiment of 

trated in FIG. 6C will be used by camera 100 to adjust the the invention including camera 100 and processor 114 

gain of the next captured image. coupled to the camera. FIGS. £-10 illustrate alternate 

The process of capturing an image, applying settings 40 embodiments of the invention. The operation of these alter- 

contained in a gain map to the image, and analyzing the nate embodiments is similar to the operation described 

digital video output signal to update gain settings is per- above with reference to FIGS. 3 and 4. 

formed repeatedly by die system illustrated in FIG. 2. The Referring to FIG. 8, a second embodiment of the inven- 

gain settings contained in the gain map are updated in tion is illustrated. A camera 156 includes sensor 102, gain 

response to changes in the captured image; eg., changes in 45 control amplifier 106, and A/D converter 108 as described 

light level, movement of objects in the image, and the like. above with respect to FIG. 2. Camera 156 generates a digital 

Thus, the processor is repeatedly updating the gain map video signal on line 110 which is coupled to processor 114 

settings to enhance the overall image detail provided in the using signal line 111. Processor 114 receives the digital 

digital video output signal. video signal, divides the signal into a plurality of image 

Those skilled in the art will appreciate that various 50 regions, and analyzes each region as described above with 

methods may be used by processor 114 to analyze light respect to FIGS. 4, 5, and 6A-6C. Camera 156 also includes 

intensity in each image region. An embodiment of the a register 160 coupled to processor 114 using a communi- 

invention applies a histogram equalization algorithm to each cation line 158. Register 160 is also coupled to gain control 

image region. The histogram equalization algorithm gener- amplifier 106 using signal line 162. Register 160 is capable 

ates a histogram of pixel luminance values in a particular 55 of receiving and storing a gain map from processor 114 and 

region. The histogram is used to identify areas of high providing the gain map settings to gain control amplifier 106 

luminance and low luminance; Le., areas requiring gain as necessary. Register 160 may be a relatively small register, 

adjustments. Several exemplary histograms are illustrated in capable of storing a single copy of the gain map. Gain setting 

FIGS. 7A-7D. FIGS. 7A-7D are provided for illustration updates and control signals generated by processor 114 are 

purposes and are not drawn to scale or drawn using the same 60 communicated to register 160 using line 158. Register 160 

scale. stores the updated gain settings for use by gain control 

FIG. 7A is a histogram for an image region having a high amplifier 106. 

luminance value. The histogram illustrates a large number of The addition of register 160 to camera 156 increases the 

pixels having a ma ximum luminance value of 255 (for an 8 cost of the camera slightly, but elirninates the dependence of 
bit A/D converter). This histogram may correspond to an 65 gain control amplifier 106 on communication line 116 (FIG. 

image region of FIG. 5 in the area of the window. In this 2) to receive gain settings contained in the gain map. If 

situation, histogram equalization is performed to generate an communication line 158 in FIG. 8 is shared by other devices 
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and becomes congested, gain setting updates may not be 
communicated to register 160 in a timely manner. Id this 
situation, gain control amplifier 106 uses the current gain 
settings contained in register 160 to adjust the gain of a 
recently captured image. Therefore, this embodiment of the 5 
invention may be used with a communication line 158 
having a smaller available bandwidth and greater latency 
because the processor is not providing gain settings to the 
gain control amplifier in real rime. Instead, the gain settings 
are stored in register 160 and are always available to the gain 1Q 
control amplifier, even if cornmunication line 158 is con- 
gested. 

Referring to FIG. 9, a third embodiment of the invention 
is illustrated. A camera 164 includes sensor 102, gain control 
amplifier 106, and A/D converter 108 as described above 15 
with respect to FIG. 2. A digital video signal is provided on 
a signal line 166 to a processor 168 located within camera 
164. Processor 168 is coupled to gain control amplifier 106 
using line 170. The operation of the camera shown in FIG. 
9 is similar to the operation of the system in FIG. 2. Camera ^ 
164 is different from camera 100 (FIG. 2) in that processor 
168 is contained within the camera rather than positioned 
external to the camera. In this situation, processor 168 is 
used exclusively by the camera. Therefore, processor 168 
only requires processing capacity to support the operations ^ 
of the camera. Although the addition of processor 168 within 
camera 164 increases the overall cost of the camera, con- 
nections associated with an external processor (as shown in 
FIG. 2) are eliminated. 

Referring to FIG. 10, a fourth embodiment of the inven- 3Q 
tion is shown. A camera 172 includes sensor 102, gain 
control amplifier 106, and A/D converter 108 as described 
above with respect to FIG. 2. Additionally, camera 172 
includes a video processing circuit 180 coupled to A/D 
converter 108 via signal line 174. A digital-to-analog (D/A) 35 
converter 182 is coupled to circuit 180 and generates an 
analog video output signal on output line 184. Processor 114 
is coupled to A/D converter 108 using line 176 and coupled 
to gain control amplifier 106 using communication line 178. 
The operation of the camera shown in FIG. 10 is similar to ^ 
the operation of the system in FIG. 2. Camera 172 differs 
from camera 100 (FIG. 2) by including circuit 180 and D/A 
converter 182 within the camera such that the camera 
produces an analog video output signal. Video processing 
circuit 180 may be capable of performing a variety of 45 
different video processing functions, as will be known to 
those skilled in the art 

From the above description and drawings, it will be 
understood by those skilled in the art that the particular 
embodiments shown and described are for purposes of 50 
illustration only and are not intended to limit the scope of the 
invention. Those skilled in the art will recognize that the 
invention may be embodied in other specific forms without 
departing from its spirit or essential characteristics. Refer- 
ences to details of particular embodiments are not intended 55 
to limit the scope of the claims. 

What is claimed is: 

1. A camera comprising: 

a sensor configured to capture an image and generate a 
sensor output signal representing the captured image; gg 

an amplifier coupled to receive the sensor output signal, 
wherein the amplifier is configured to apply multiple 
gain levels to the sensor output signal; and 

a processor coupled to the amplifier, wherein the proces- 
sor is configured to provide a control signal to the 65 
amplifier to adjust the gain levels applied by the 
amplifier. 
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2. The camera of claim 1 wherein the amplifier applies 
different gain levels to different regions of the captured 
image. 

3. The camera of claim 1 wherein the processor generates 
a gain map containing gain settings applied to the sensor 
output signal by the amplifier. 

4. The camera of claim 3 wherein the gain map is 
continually updated by the processor to include changes in 
the captured image. 

5. The camera of claim 3 wherein the gain map is a two 
dimensional array of gain settings, each gain setting indi- 
cating a particular gain applied by the amplifier to a corre- 
sponding region of the captured image. 

6. The camera of claim 3 further including a register 
coupled to the processor and the amplifier. 

7. The camera of claim 6 wherein the gain map is stored 
in the register and the amplifier reads the gain settings from 
the register. 

8. The camera of claim 1 wherein the processor provides 
the control signal to the amplifier in real-time. 

9. The camera of claim 1 wherein the processor analyzes 
the sensor output signal to determine whether a sufficient 
level of detail is provided in the sensor output signal 

10. The camera of claim 9 wherein the processor increases 
the gain levels in dark portions of the captured image and the 
processor decreases the gain levels in bright portions of the 
captured Image. 

11. An apparatus for capturing an image, comprising 
a camera, including: 

a sensor configured to capture the image and generate 
a sensor output signal representing the captured 
image; 

an amplifier coupled to receive the sensor output signal, 
wherein the amplifier has controls to apply multiple 
gain levels to the sensor output signal; and 
a processor coupled to the camera, wherein the processor 
is configured to receive the sensor output signal, and 
wherein the processor is configured to provide a control 
signal to the amplifier to adjust the gain level applied by 
the amplifier. 

12. The apparatus of claim 11 wherein the processor 
generates a gain map containing gain settings applied to the 
sensor output signal by the amplifier. 

13. The apparatus of claim 12 wherein the gain map is a 
two dimensional array of gain settings, each gain setting 
indicating a particular gain applied by the amplifier to a 
region of the captured image. 

14. The apparatus of claim 13 wherein the processor 
divides the captured image into a two dimensional array of 
image regions, each image region associated with a corre- 
sponding gain setting in the gain map. 

15. The apparatus of claim 12 wherein the camera further 
includes a register coupled to the processor and the ampli- 
fier. 

16. The apparatus of claim 15 wherein the gain map is 
stored in the register and the amplifier reads the gain settings 
from the register. 

17. A method for enhancing the dynamic range of a sensor 
output signal representing a captured image, the method 
comprising the steps of: 

amplifying the sensor output signal in response to gain 
settings contained in a gain map, wherein each gain 
setting is associated with a particular region of the 
captured image; and 

updating the gain settings contained in the gain map in 
response to changes in the sensor output signal. 

18. The method of claim 17 wherein the step of updating 
the gain settings is performed in response to clipping of the 
amplified sensor output signal. 
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19. The method of claim 17 wherein the step of updating 
the gain settings includes increasing the gain settings in dark 
portions of the image and reducing the gain settings in bright 
portions of the image. 

20. The method of claim 17 wherein the step of updating 
the gain settings includes dividing the captured image into a 
plurality of image regions, wherein each image region is 
associated with a particular gain setting in the gain map. 

21. The method of claim 17 further including the step of 
analyzing each image region and updating the associated 
gain setting in response to clipping of the amplified sensor 
output signal in the image region. 
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22. An apparatus for capturing an image and generating a 
signal representing the captured image, comprising: 
means for amplifying the signal in response to gain 

settings contained in a gain map, wherein each gain 

setting is associated with a particular region of the 

captured image; 
means for updating die gain settings contained in the gain 

map; and 

means far generating a control signal indicating a par- 
ticular gain setting to be applied to a portion of the 
signal representing the captured image. 
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